Environnement de conception d'automatismes discrets basé sur le langage Signal by Bournai, Patricia et al.
Environnement de conception d’automatismes discrets
base´ sur le langage Signal
Patricia Bournai, Michel Le Borgne, Herve´ Marchand
To cite this version:
Patricia Bournai, Michel Le Borgne, Herve´ Marchand. Environnement de conception
d’automatismes discrets base´ sur le langage Signal. [Rapport de recherche] RR-3254, INRIA.
1997. <inria-00073435>
HAL Id: inria-00073435
https://hal.inria.fr/inria-00073435
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
appor t  

de  r e ch er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Environnement de conception d’automatismes
discrets base´ sur le langage Signal
P. Bournai, M. Le Borgne, H. Marchand
N 3254
Septembre 1997
TH `EME 1
 
		ﬀﬁ	ﬂﬃ! "#ﬁ	$ %ﬁ&
&'&(ﬁ
&*) +&(,
&
"ﬀ.-/- 0+ +0+21340ﬀ -
57698;:=<
>@?9ACBED9FG69HIJ8;:=>@K=?LI=DNMO6PFQAC>@RTS9AC?LU
VXWZY\[^]^_3`bac\d4]fehg=i]Tjdk=dljY\[^]\d
mnloqpr]TjsmutwvVXa
aehxZx
oynrj+zZ]#nl]\{|WZ]\nl{4WZ]}ﬀ~Jyqﬀ`=]\xj]\[ﬀZnl]O_yŁﬀ`h^xehy]\d
JCQ;oygZdxZnlc\d]\}joy}Zd! }jc\yneqjloy}zZ]\dj]\{4WZ}=gZ]\dzZ]#c\nr {feqjloy}]TjzZ]ﬀdlk=}jWZY\d]#zZ]
{\oy}jnl¡h]\gZnld^zeh}Zd!¢]\}=nloy}Z}Z]\[^]\}j^zZ]JxZnloyyneh[^[£eqjloy}Cy}eqX¤¥jne\]\nld¦e§zZ]\d4{\nrxjloy}¨zL¢gZ}
xZnlohjohjwkxﬁ]x
oygZn£¦e©{\oy}Z{\]\xjloy}ªzL«ehgjoy[£eqjld[^]\d¥]Tj¬zZ]§oyh{T]Tdd­ZnldO]\dJ[^xc\[^]\}j4eh}jf®¯°]
xZnlohjohjwkxﬁ]]\dljXheq zZc¤jne\]\nldz ]\nld]@i]\[^x]\djlnlc\d+zZg§[^oy}ZzZ]ﬀeh{fehzZc\[±=gZ]y®
²*³(´fTµ4¶·¸¹GVXWZc\oynr]zZgº{\oy}jnl¡h]y»LCkdljY\[^]\dzk=}eh[±=gZ]\d3xﬁoh k}Zoy[±¦ehg=iN»
¼ºcTjWZo=zZohoyh]dlk=}=t
{4WZnloy}Z]y»
Cy}eq!»NC[ﬀg¦eqjloy}
½¾¿EÀ!Á ÂÄÃTÅEÁÇÆÈhÁ¦ÉEÊ
ËNÌÎÍÐÏ9Ñ
Ò@ÓÄÔXÍÐÏÏÖÕÎ×q×yÒ|ÓÖØ!ÙlÚÛ\Ü+ÝÞÐÙrßàØ!ÓÖÍÐßàÍ«Ø!á7ÚÙâhÓ!ã|äqßEÙ%å æﬁÚÎâ(ç
Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Te´le´copie : 02 99 84 71 71 - International : +33 2 99 84 71 71
  &(0ﬂ
		4&(ﬁﬁ 	ﬁ
	+--
& ) +&ﬁﬂ	 ﬀ
10 +-¥- ﬀ0" +0+
 \´	
Z¶y´yà}ﬀjWdnl]\x
oynrjf»7]°xZnl]\d]\}jjWZ]7}j]\yneqjloy}±o]\nr {feqjloy}^eh}Zz{\oy}jnloh ]\nudlk}jWZ]\dld
j]\{4WZ}=gZ]\d}¥jWZ]Cy}eq]\}=nloy}Z[^]\}j;jWZnloygZyWºjWZ]#zZ]\d4{\nrxjloy}ºoe^xZnlohjohjwkx
]ﬀzZ]\z{feqj]\zjo
jWZ]%d4eÖ]7{\oy}ZdljnlgZ{Tjloy}^oﬁnl]feh{Tjl ]Xdlk=dj]\[.{\oy}jnloh ]\nldf®VXWdxZnlohjohjwkxﬁ]°duyeq zeqj]\z±kzN]\nl]\}j
eh{fehzZ]\[±{ﬀ]@ieh[^x]\df®
Nµ³ﬀy^¯°oy}jnlohZVXWZ]\oynrk»moh k}Zoy[±¦eqﬂﬁ;k=}eh[±{feq(Ckdlj]\[^df»Ck}Z{4WZnloy}ZoygZd ¼]TjWZoCzZohoyhk»
Cy}eq!»ﬁC[g¦eqjloy}
 ﬁ
	"Pﬁ	
9]^¦eh}Zehy]	
«y=»°]\dlj#zZ]\dljl}Zc¬¤¦e¥{\oy}Z{\]\xjloy}Q]Tj¤¦e¥[±d]O]\}gnl]£d­Znl]£zZ]
dlk=djY\[^]\dnlcfeh{TjlÖdPj]\[^xZdnlc\]T!®y¯°]\nrj4eq}ZdzZoy[£eq}Z]\duzL«ehxZx {feqjloy}±]@iy]\}jugZ}Z] yneh}ZzZ]7(eh   jc7]Tj
gZ}Z]ﬀd­Znl]Tjc#zZ] ¸oy}Z{Tjloy}Z}Z]\[^]\}jf®N¯°]\d;]@iy]\}Z{\]\ddoy}jc\nr c\]\dﬀﬁﬃﬂ ﬃ!ﬃ"#!$"Lxehn+zZ]\dj]\{4WZ}=gZ]\d
zZ]¥dl[ﬀg¦eqjloy}]Tj£zZ]¬c\nr {feqjloy}zZ]¥xZnloyxZnrcTjc\d®%Pe jWZc\oynr]§zZg¹{\oy}jnl¡h]&¢=» C_»Z» '»h
dgZn£zZ]\dJdk=dljY\[^]\dO¤cTc\}Z]\[^]\}jdzd{\nl]TjdJx
]\nl[^]TjJzZ]§zZcT]ToyxZx
]\nJx
]\g ¤x
]\g']§dlkdljY\[^]¥]\}
gjl  d4eh}j£zZ]\d[^cTjWZoCzZ]\d^zZ]¬{\oy}ZdljnlgZ{Tjloy}¹ehneh}jld4d4eh}j()*!ﬃ"#!$" ]\dxZnloyxZnrcTjc\d£eqjlj]\}ZzZgZ]\d^zZg
dlk=djY\[^]#hoyeq!®ﬁ¯°]\d[^cTjWZo=zZ]\dx
]\nl[^]Tjlj]\}j;zZ]#nl]\dljnl]T}ZzZnl]ﬀ¦e^xZWehd]#zZ]yeq zeqjloy}ºehg=i§d]\g]\d
xZnloyxZnrcTjc\dzZg¥dlkdljY\[^]}Zoy}§ehneh}jl]\dxehn{\oy}ZdljnlgZ{Tjloy}L®
PejWZc\oynr]zZg¥{\oy}jnl¡h]ﬀnl]\x
oyd]3dgZnXgZ}Z]nl]\xZnlc\d]\}j4eqjloy}c\Cgeqjloy}Z}Z]T ]ﬀzZ]3¦e±xehnrjl]3oyhCgZ]
zL¢gZ} xZnloyyneh[^[^]+	
doygZd3¦e¸oynl[^]^zL¢gZ}dlkdljY\[^]±zk}eh[±CgZ]^x
oh k=}Zoy[±¦eqzeh}Zd-,/.10
,
®
2
xehnrjlnzL¢gZ}¥j]T9dlkdljY\[^]y»Z 9]\dlj+x
oyddl]zZ]#dk=}jWZcTjld]\n+gZ}§{\oy}jnl¡h]\gZnzZ]#[£eh}Y\nl]¤±{\]#CgZ]
]#dlkdljY\[^]{\oy}jnl¡hcﬀc\nr ]345ﬁﬃﬂ 6!$"#!ﬃ"
gZ}§oy=pl]\{TjluzZ]#{\oy[^[£eh}ZzZ]#oyh=gZ]y®
muehnl[±P]\doyZdj4eh{T]\ddf¢oyxZx
oyd4eh}j;¤±¦e^zNgZdloy}§zZ]\d[^cTjWZo=zZ]\dÖoynl[^]T ]\dzZ]ﬀdlk=}jWZY\d]#zL«ehg=t
joy[£eqjld[^]\doyh=gZ]\df»ﬁgZ}§zZ]\dxgZd[^xﬁoynrj4eh}j;{\oy}Z{\]\nl}Z]ﬀ]ﬀ{fehneh{TjY\nl]ehZdjneq jzZ]\d{\oy}jnl¡h]\gZnld
oyj]\}gZdf® wﬁ}L¢]@i=dlj]xehd zZ]yneh}ZzZ]\gZnld°dl[^x]\[^]\}j%ehxZxZnlc\WZ]\}Zzeh]\df»{\oy[^[^]]\d {\oy}Zdlj4eh}j]\d7zZ]
j]\[^xZd7oyg^!«eh[^oynrjld4d]\[^]\}jXzeh}Zd]zZoy[£eq}Z]{\oy}jl}gL»=xﬁ]\nl[^]Tjlj4eh}j°zZ]]\d =geq  ]\n\®ﬁeh}Zd }Zohjnl]
jWZc\oynr]zZg{\oy}jnl¡h]±zZ]\d;dlk=djY\[^]\d¤£cTc\}Z]\[^]\}jdzd{\nl]Tjd7«y=»_fZ»ﬁ8!»ﬁ]\d{\oy}jnl¡h]\gZnld:9Äoygdg=t
xﬁ]\nr=d]\gZnld%dg yeh}j°¦e#j]\nl[±}Zohoyh]7;°d]xZnlc\d]\}j]\}jX]xgZd%doyg]\}jXdoygZd Öoynl[^];zZ]=< ﬁ ﬁ>qV ﬁ ﬁ
9Ä}ehnrk§zZ]\{Tdloy}§z¦ehyneh[^d$>Îj]\nl}ehnrk§zZ]\{Tdloy}ºz¦ehyneh[^d$;6 _»ﬁ=_1!»oygºzL«ehgjoy[£eqj]\d[^x
oyddl]\d
¤Cd4geq d]\n#zZ]£[£eh}Y\nl]O{\oy}Z{\nlYTj]@?9]£}Zoy[Znl]OzZ]£}Zo=]\gZzZdﬀx
oygZn3]\dﬀgZ}Zd]Tj#]£}Zoy[Znl]JzL¢cTj4eqjd
xﬁoygZn3]\dehgjnl]\d#cTj4eh}jjnloyx[^xﬁoynrj4eh}jdf®P¯;¢]\dljxﬁoygZnl=gZoh!»N ehxZxehne7A¦j#gjl ]^zZ]±zZcT]ToyxZxﬁ]\ngZ}
oyh{T]T+xﬁ]\nl[^]Tjlj4eh}j£zZ]O=dgeq d]\n]nlc\dg j4eqj^zZ]¬¦eºdlk}jWZY\d4]¬xehn±dl[g¦eqjloy}¹}j]\neh{Tjl ]¥zZg
dlk=djY\[^]{\oy}jnl¡hcy®
¯°]3oyh{T]T[^]Tj+c\eq]\[^]\}j]\}Bgnl]gZ}Z]}j]\n Öeh{\]}jc\ynlc\]#zZ]CDEF
G^]Tj
E
GHI _»L_Î8!»]3oyh{T]TzZ]{feq{\g Öoynl[^]TPzZc\zcﬀ¤)D	
GZ®
 }jc\yneqjloy} zZ]E
GH;zeh}ZdJ!¢]\}Cnloy}Z}Z]\[^]\}jJD	
G¨d]Äeq j¬¤©zZ]\g=i } ]fehg=iN®7VPoygj
zL«ehﬁoynlzL»zeh}ZdgZ}¨doygZ{T%zL¢]@ixZnl]\dd C jcy»P 7d]\[¦eq j}jc\nl]\dd4eh}j^zZ] Öeh{T   j]\nﬀ!¢]@ixZnl]\ddoy}¨zZ]\d
xZnloyxZnrcTjc\d7]\}£d«ehZdljne\keh}j°zZg£[^o=zZYT]zZ]\d7dlkdljY\[^]\dzk}eh[±CgZ]\d7xﬁoh k}Zoy[±¦ehg=iN®LK}^]\}Zd4]\[ﬀ]
zZ]£znl]\{Tjl ]\df»Px
]\nl[^]Tjlj4eh}j±zL¢]@iZxZnr[^]\n#zZ]\dﬀxZnloyxZnrcTjc\ddgZn3]\dﬀxZnloyyneh[^[^]\ddx
c\{T c\df»9e¥zZoy}Z{
cTjc±}jc\ynlc£zeh}Zd]±¦eh}Zehy]MD	
G®P¯°]\d#xZnloyxZnrcTjc\d#x
]\g]\}jﬀ]\}Zdg j]:NTjnl]±c\nr c\]\dﬀoyg dlk=}=t
jWZcTjldc\]\d7¤;!«eqzZ]zZg±oyh{T]T(zZ]+{feq{\gﬂÖoynl[^]TD
Oà® ﬁ;]XxgZd»gZ}Z] ¸ohd gZ}£{\oy}jnl¡h]\gZn7oyj]\}g
d4eqjld Äeqd4eh}j3¤^¦eÖohdzZ]\d;oy=pr]\{TjlÖd+oyh=gZ]\d;]TjzZ]\doy=pl]\{TjlÖdzL¢oyxjl[£eq  jcy»
 P]\dljx
oyddl]CgZ]
]\dc\=geqjloy}Zd+9ÄcT]\}jgZ]T ]\[^]\}jJzk=}eh[±=gZ]\d$;zZ]J{\oy}jneq}j]\d£d4gZxZxc\[^]\}j4eqnl]\d£}Z]¬doh]\}j^xehd
dgﬀP£d4eh}j]\dux
oygZnzZcTj]\nl[±}Z]\nuzZ] ÖeQ\oy}gZ}CgZ]7]\d]\}jnlc\]\duzZgxZnlo={\]\ddgZdu¤+{\oy}jnl¡h]\n\®q;oygZdue\oy}Zd
zZoy}Z{zZcT]ToyxZx
cgZ}Onlc\doh ]\gZn%ehgjoy[£eqjlCgZ]3zL¢c\=geqjloy}Zd%eqyc\Znr=gZ]\d%xﬁ]\nl[^]Tjlj4eh}j°zZ];nlc\doygZzZnl]y»
xehd¤±xehdf»! }ZzZcTj]\nl[±}d[^]zZ][£eh}Y\nl]¤±x
oygohn+dl[g]\n+]dlkdljY\[^]{\oy}jnl¡hcy®
¯°]±nehxZxﬁoynrjdf¢oynleh}d]^{\oy[^[^]^dg jf® ﬁeh}ZdgZ} xZnl]\[±]\n3j]\[^xZdf»L}ZoygZd#]@iZx =gZ]\nloy}Zd#{\]^CgZ]
}ZoygZd;]\}j]\}ZzZoy}Zdxehndlk}jWZY\d4]dgZngZ}ºxZnloyyneh[^[^])DEF
G¬zeh}Zd]Zgj;zL¢oyj]\}n3gZ}{\oy}jnl¡qt
]\gZnﬀ[^xc\[^]\}j4eh]y»oyg¨zZg[^oh}ZdgZ}]@iZc\{\gj4eh]Ox
]\nl[^]Tjlj4eh}j±zZ]Jd[ﬀg]\n]£{\oy[^xﬁoynrj]\[^]\}j
zL¢gZ}dlkdljY\[^]¥nlc\]T!®;oygZd£xZnlc\d]\}j]\nloy}ZdOzeh}Zd£gZ}zZ]\g=iY\[^]¥j]\[^xZd^]\d£zNc\nl]\}j]\d¬znl]\{Tjl ]\d
Cgoy}jﬀcTjc±neÎproygjc\]\dehg¦eh}Zehy]B	
G®K}Z]^zZ]\d4{\nrxjloy}©zZg xZnlohjohjwkxﬁ]^zZ]^d[ﬀg¦eqjloy}©]Tj
zZ]Jdoy} [^xc\[^]\}j4eqjloy}']\}RDEF
Gd]\ne¥]\}Zdg j]OxZnlc\d]\}jc\]y®ES}eq]\[^]\}jf»uz ]\nld]\dﬀ]@iZ]\[^x]\d
eh{fehzZc\[±CgZ]\dC]\}ZzZnloy}j  gZdljnl]\n{\]xZnlohjohjwkxﬁ]y®
  

,&(ﬁ Xﬁ	 &¬,ﬁﬁ&	"ﬁ4-&*#&ﬁ ﬁ&
	 

ﬁﬀ
D	
G¹]\dlj¬gZ} ¦eh}Zehy] zZ]xZnloyyneh[^[£eqjloy} ]TjzZ]dxﬁc\{T {feqjloy}ªzZ] dlkdljY\[^]\dnlcfeh{Tjl¸dﬃﬂ
j]\[^xZdrtwnlc\]T!®ZVoygj{\oy[^[^] !"$#%ﬁ&F _ÎŁ=»L_7'Loyg('")#ﬁ&*%ﬁ&*«Ł=»N_y_1!» Öeq jXxehnrjl]zZ];¦e Äeh[±  ];zZ]\d
¦eh}Zehy]\d±dlk}Z{4WZnloy}Z]\d7  «8  _7	+oy} Öeq j!¢WkxﬁohjWZY\d4]¬=gZ]£joygj]\d]\d±eh{Tjloy}Zd±zL¢gZ}¨xZnloyyneh[^[^]
9Ä{feq{\gd]Tj{\oy[^[ﬀgZ}{feqjloy}Zdﬃ;doy}jzZ]°zZgZnlc\]X}Cg ]y®@<°]\}^]\}j]\}ZzZg£{\]Tjlj]XWk=x
ohjWZY\d]%}L¢]\dlj=gL¢gZ}Z]
ehxZxZnlo\i[£eqjloy}±zZ]¦enlcfeq  jcy»Î[£eqd]T ] ]\djPyeq¦eh] zZY\dCgZ] !¢oy}ﬀx
]\gjehddgZnl]\nCgZ] ] xZnloyyneh[^[^]
ehh jﬀ¤gZ}Z]^= j]\dd]±xgZd#nehxzZ]£=gZ]^{\]T ]£zZ]^doy} ]\}Cnloy}Z}Z]\[^]\}jf®v}Zdl!»Lx
oygZnehneh}jln#{\]Tjlj]
{\oy}Zz jloy}L» 7]\dljﬀ}Zc\{\]\d4d4eqnl]J=gZ]£]Jj]\[^xZdzZ]O{feq{\gd]TjﬀzZ]O{\oy[^[ﬀgZ}{feqjloy}Zd^doh jﬁoynl}Zcy® ﬁ3]
xgZdf»!¢Wk=x
ohjWZY\d]dlk}Z{4WZnloy}Z]#x
]\nl[^]TjehgZddl9zZ]d[^x  ]\n%]\d+neqdoy}Z}Z]\[^]\}jddgZn%]3j]\[^xZdf® 9]\d
}Zdlj4eh}jd {\oy}ZdlzZc\nlc\d7zeh}Zd zZ]%j]Td dk=dljY\[^]\d doy}j zZ]\d}Zdlj4eh}jd oyhCgZ]\df®H9]+{\oy[^x
oynrj]\[^]\}j%zL¢gZ}
dlkdljY\[^]±zeh}Zd3]j]\[^xZd]\dlj#eqoynld#{\oy}ZdlzZc\nlc^{\oy[^[^]^gZ}Z]±dg j]±oynlzZoy}Z}Zc\]£zL }Zdlj4eh}jdoyhCgZ]\d®
moygZn{4Weh{\gZ}zZ]#{\]\d+}Zdj4eh}jd+oyh=gZ]\df»Z¦e^heq]\gZn+zL¢gZ}ºdly}eqPd]nehxZx
oynrj4eh}jehg§dlkdljY\[^]x
]\gj
NTjnl]±xZnlc\d]\}j]^oyg }Zoy}L® Pe¬[£eh}xZg¦eqjloy}©zZg j]\[^xZd3]\dlj}eqjgZnl]T ]^]Tj;]@ieh{Tj]y»N]Tj;]\d3xZnloyxZnrcTjc\d
j]\[^x
oynl]T ]\dzZg©dk=dljY\[^]Jdoy}jc\nr (eh]\df»Pjoygj]\dﬀ]\dﬀxehnrjl]\dzZg©xZnloyyneh[^[^]¬{\oy[^[ﬀgZ}=geh}j
xehn+zNgZdloy}}Zdlj4eh}j4eh}Zc\]ﬀzZ]! } Öoynl[£eqjloy}L®
¯°oy[^[^],!")#ﬁ%ﬁ&N»*DEF
G3«y8	«ﬁ]\dljgZ}J¦eh}Zehy]zZ]Xjàk=x
]+zZc\{T¦ehneqjlP]Tj-ohjd zZ]+zZoy}Z}Zc\]\df®
9]\doy=pl]TjdzZ]±ehd]±[£eh}xZgc\d#xehn3{\]±¦eh}Zehy]^doy}j3]\ddly}ehg=iL® 9]\doyxﬁc\neqj]\gZnldﬀzZg¦eh}Zehy]
x
]\nl[^]Tjlj]\}j¥zZ]d4xﬁc\{T ]\n¬zeh}ZdgZ}GdljàkC] c\=geqjloy}Z}Z]T;]\dnl]T¦eqjloy}Zd]\}jnl] ]\ddly}ehg=iL»7{y¢]\djrt
¤Îtwznl] ]\}jnl]©]\gZnheq]\gZn]Tj¥]\gZn¥WZoynroyy]y® K;} dlk=djY\[^] zL¢c\=geqjloy}Zd§]\dlj§eqoynld§{\oy}Zdjnlg j§]\}
nlcfeq d4eh}j¥¦e¹{\oy[^xﬁoydl jloy} zZ]\d¥zNc\nl]\}j]\dºc\Cgeqjloy}Zdf® P] {\oy[^x ¦eqj]\gZn «=» '#d4]º  nl]©¤QgZ}Z]
eh}eq kd]±zZ]{\oy}Zddlj4eh}Z{\]±zZg dk=dljY\[^]zL¢c\=geqjloy}Zdﬀeq}ZdlzZcT}]Tj3zZcTj]\nl[±}Z]^d]\d{\oy}jneq}j]\d
zZ]dlk=}Z{|WZnloy}d4eqjloy}doy}j;c\nr c\]\df®LC{y¢]\dj]{fehd;]Tj3dl]ﬀxZnloyyneh[^[^]^]\dlj;{\oy}jneq}j#zZ] ÄeQ\oy}
¤±{feq{\g]\ngZ}Z]ﬀdohgjloy}§gZ}=gZ]y»(eqoynld+gZ}§{\o=zZ]]@ic\{\gj4eh]ﬀ]\dljxZnlo=zZg jf®
.ﬃ/0.1/2. 342516

7 ´98 q³L¶ Cf
K;}Jdly}eqN]\dlj°gZ}Z]dg j];}Zoy}J
oynl}Zc\]zZ]heq]\gZnld7jwkx
c\]\d%¤#¦ehCgZ]T ];]\dlj%ehddo={Tc\]+gZ}Z]WZoynroyy]
=g7zZcTj]\nl[±}Z]¬!¢]\}Zd]\[ﬀ]¥zZ]\d}Zdlj4eh}jdo;:¨]¬dly}eq°]\djxZnlc\d]\}jf®muehn]@i]\[^x]y»ugZ}dy}eq=<
zZc\}Zohj]O¦e¥dc\=gZ]\}Z{\]?>0@BADCDA0E$F zZ]OzZoy}Z}Zc\]\dﬀ}ZzZ]@iZc\]\dxehn#]£j]\[^xZdHGzeh}ZdgZ}zZoy[£eq}Z]JI® ﬁ;]\d
dly}ehg=izL¢gZ} jàk=x
]±xehnrjl{\g ]\n#ehxZxﬁ]Tc\dLKNMOKQPSR§doy}j{fehneh{Tjc\nrdc\dd]\g]\[^]\}j#xehn;]\gZn;WZoynroyy]y»
{y¢]\dljrtà¤Îtwznl]¥]\gZn±xZnlc\d]\}Z{\]&9Ö d^oy}j^¦eheq]\gZn^
o=ohc\]\}Z}Z]TRBU;V*K ¤ {4Weh=gZ]§o={\{\gZnlnl]\}Z{\]7;@®Wj4eh}j
zZoy}Z}ZcgZ}Odly}eq*<
»doy}£WZoynroyy]]\dlj zZoy}Z}Zc\];xehn!¢]@iZxZnl]\ddloy}XK;MYKNPBRZ<ﬁ»=gﬁzZoy}Z}Z]!¢cTc\}Z]\[^]\}j
xZnlc\d]\}jdl[ﬀg j4eh}Zc\[^]\}j#¤[<ﬁ®
.ﬃ/0.1/]\ ^
 · 

6_5


5

6
³  

D	
G ]\dlj {\oy}Zdljnlg jXehgjoygZn zL¢gZ}Oxﬁ]Tjl j°}Zoy[ﬀZnl];zL¢oyxﬁc\neqj]\gZnld%zZ]ehd]+=gﬁx
]\nl[^]Tjlj]\}j%zZ]
dx
c\{T ]\nzeh}ZdﬀgZ} dljàkC]^c\=geqjloy}Z}Z]T ]\dﬀnl]T¦eqjloy}Zdﬀ]\}jnl]£]\d#dly}ehg=iL®¯°WehCgZ]^c\=geqjloy} dd4gZ]
zL¢gZ}¹xZnloyyneh[^[^] 	
 xﬁ]\gj:NTjnl]O=gZ]¬{\oy[^[^]¥gZ}¨xZnlo={\]\ddgZd±cTc\[^]\}j4eqnl]y®7¯°]\d±xZnloC{\]\dd4gZd
DEF
GzZc\{\nr ]\}j°zZoy}Z{+¤3¦e Öohd]\dnl]T¦eqjloy}Zd ¸oy}Z{Tjloy}Z}Z]T ]\d7]Tjj]\[^xﬁoynl]T ]\d7]\}jnl]]\ddly}ehg=iL®
àdxﬁ]\g]\}j{\oy[^[ﬀgZ}=gZ]\n\»xehnu! }j]\nl[^c\z¦eqnl]zZ]%dly}ehg=i±{\oy}Zdjl jgeh}j]\gZnldx
oynrjdzL¢]\}jnlc\]]Tj
`badc
äqÙuã|ähãÞ«ÜqÏÖÙßàÒfeX×ÎÞhgEØ!ÙuÚÎÙlÏ9Ï¸ÜÎÏ¸Ø	gieXÙuÓÄálã|ßàØÄÍkj Ï9ÙlÏ¸ØÚÎÒ|äqäqáEÙÚqã4ähÏml
`ndo
zZ]doynrjl]y»=e\]\{+][^oy}ZzZ]]@ijc\nr]\gZn oyg¬e\]\{zL«ehgjnl]\d°xZnlo={\]\ddgZdf®s }}L»]+xZnloyyneh[^[^]4DEF
G
]\dljoyj]\}gº]\}§{\oy[^xﬁoyd|eh}j+!¢]\}Zd]\[]ﬀzZ]#xZnlo={\]\ddgZd®
s}	
G»]\doyxﬁc\neqj]\gZnld;zZ]ﬀehd]ﬀzZcT}dd]\}j3zZ]\dxZnlo={\]\ddgZdcTc\[^]\}j4eqnl]\df»N{|Weh{\gZ}{\oynEt
nl]\dxﬁoy}Zzeh}j;¤±gZ}Z]#c\=geqjloy} +

^
3³ﬃ8  
´	= qw³
6
¶y´
4
³
66
C·¸
/
àddoy}juzZcT}d dgZn]\djàk=x
]\dzZg¦eh}Zehy]y®muehn]@i]\[^x]
¦e }Zc\eqjloy} 
oCohc\]\}Z}Z]zZg dly}eq¨]\dljOc\{\nr j] PNRQ]TjJ]ºdly}eq >	ﬃADC@»zZcT}3xehn^¦e
Öoy}Z{Tjloy}
 zeh}Zd1A
m>ﬀﬂﬁﬃﬁﬃﬁﬃ !iC@»]\dj+c\{\nr j)+
"$#&%('*)
<,+.- <0/1-3242526- < P07
9]\d±]@iZxZnl]\ddloy}Zd Öoy}Z{Tjloy}Z}Z]T ]\d£doy}j^[^oy}Zo={4WZnloy}Z]\df»{\]=g°dy} ]¬=gZ]O]\ddy}ehg=i
"
»
<.+»L® ® ® »O< Pºdoy}j#z jddlk}Z{4WZnloy}Z]\d+ﬁ dxehnrj4ehy]\}j#¦e¬[:N\[^]^WZoynroyy]y®Ls}zL«ehgjnl]\dj]\nl[^]\df»
x
oygZn+{feq{\g]\n+¦e^heq]\gZn+zZ]8ﬃAl»ZjoygZd]\d9 :zZoh ]\}j NTjnl]#zdx
oy}]\d¤^! }Zdlj4eh}jG@®moygZn
{\]Tjlj]#neqd4oy}L»Z d+doy}j+{\oy}jneq}jd¤^efohn+¦e±[:N\[^]#WZoynroyy]m+ﬁ{\]T ]#zZ];O®
¢oyx
c\neqj]\gZn KNMYKNPBR =gﬀxﬁ]\nl[^]TjzL«eh{\{\c\zZ]\n¤'!¢WZoynroyy]QzL¢gZ}*dly}eqxﬁ]\gj NTjnl]{\oy}Zdl t
zZc\nlc {\oy[^[^]gZ}Z] Öoy}Z{Tjloy} xehnrjl{\g Y\nl]y® 9] }Zofkehgª{\oy[^x
oynrj] ehgZddlgZ} oyx
c\neqj]\gZnOnl]@t
¦eqjloy}Z}Z]TCgdxﬁc\{T ]CgZ] joygZd]\dºdy}ehg=iZ< »#®\®\®\» <5 d4oy}jdk=}Z{|WZnloy}Z]\df® àﬀdf¢c\{\nr j
=?>
PA@CBSU*
)
<*-324252D- <4E7Z®

^
GF·¦´	
/
9]ﬀdoygZdrtwc\{4Weh}jl  oy}Z}ehy]±zL¢gZ}§dly}eqﬁ<Od4]Toy}§gZ}Z]#{\oy}Zz jloy}HO]\dlj+c\{\nr j+
"I#&%
<KJ5BOKNPH
¯°]Tj oyx
c\neqj]\gZn]\dlj7xﬁoh k{4WZnloy}Z]m+]\doyxﬁc\neh}ZzZ]\d7]Tj]+nlc\dg j4eqj7}L¢oy}j7xehd¦e[:N\[^]+WZoynroyy]y®
9]dly}eq
"
]\dlj3xZnlc\d]\}jdl]Tj;d]\g]\[^]\}jdl_<¥]TjLH¬doy}jxZnlc\d]\}jdehg[:N\[^]}Zdlj4eh}j3]Tj;H
eJ¦eOheq]\gZn RBU VOK®ﬁv}Zdl!»
"
]\dlj3[^oh}Zd ¸nlc\=gZ]\}j=gZ]H<§]Tj3=gZ]MH¥¤O¦e ¸ohd+(! }j]\nld]\{Tjloy}
zZ]\dWZoynroyy]\d;zZ] <¬]Tj;zZ]8HJ9Ä{y¢]\dljrtà¤Îtwznl]]\d}Zdlj4eh}jdo;:º!¢]@ixZnl]\d4dloy}ºx
]\gj=NTjnl]cTheqgZc\]7;
}Z{TgjX!¢WZoynroyy]#zZ]
"
9ÄCg9}Z]{\oy[^x
oynrj]=gZ]3]\d%}Zdlj4eh}jdo;:GH^df¢cTyeqgZ]#¤[RBU;V*KH;@®<N;geh}Zz
"
]\dlj+xZnlc\d]\}jf»ﬁd4eyeq]\gZnX]\dlj+{\]T ]#zZ] <
®

^

Oà
4
³
6/
Pe ¸gZdloy}¥]\}jnl]ﬀzZ]\g=i¥dly}ehg=i <O]Tj
"
zZ]#[:N\[^]jwkx
]df¢c\{\nr jf®
P#&%
<QYK
'SR
V0T;R
"
Pe;yeq]\gZnzZ]
P
]\dlj{\]T ]+zZ] <Cgeh}Zz^ ]\djxZnlc\d]\}jf»Cdl}Zoy}^{\]T ]+zZ]
"
=geh}Zz^ ]\dljxZnlc\d4]\}jf®
¯°]Tj3oyxﬁc\neqj]\gZn3]\dlj;c\eq]\[^]\}j#x
oh k={|WZnloy}Z]m+
!¢WZoynroyy]zZ]
P
]\dlj!¢gZ}oy} zZ]{\]T ]\d3zZ] <¥]Tj
"
»Z]T ]#]\dlj+zZoy}Z{#xgZd Önlc\=gZ]\}j]#=gZ]#{4Weh{\gZ}Z]zL¢]T ]\df®

^
  ´	
  ﬀ zZoy}Z}Z]¦eºyeq]\gZnxehd4dc\]OzL¢gZ}¹dly}eq!® à7zZc\{\nr j£zZoy}Z{¬zZ]\d^{\oy[^xﬁoynrj]\[^]\}jd
zk}eh[±CgZ]\d]Tj]\dlj+yc\}Zc\neq]\[^]\}j3}ZohjcVU9
A

A	W<X
»(e\]\{ﬀ¦e±yeq]\gZnX} jl¦eq]VU
:
3Y
:
»
x
oygZnZ []\_^6`*?Z]\} D	
G»ZxﬁoygZnX]{fehddl[^x]#o;:G`Mbay»oy}¥c\{\nr j)+
P
<
#%
<*c<+ e\]\{! } jl¦eq d|eqjloy}
P
<bd)P,d$R(e*f
9]nl]Tj4ehnlzJ]\dljgZ}£oyx
c\neqj]\gZn [^oy}Zo={4WZnloy}Z]y»={y¢]\dljrtà¤Îtwznl]CgZ] <±]Tj
P
<oy}j7¦e[:N\[^]+WZoynroyy]y®
^

¶³ﬁ 8³ﬁ
4
´
4
³
6
ﬀ  8 Î³L¶f
/
9]\dXxZnloC{\]\d4dgZdXcTc\[^]\}j4eqnl]\dxﬁ]\g]\}j NTjnl]3{\oy[^xﬁoydc\d
xehn+!¢oyxﬁc\neqj]\gZn+{\oy[^[gj4eqjl]Tjehddo={T¦eqjl ;Cg9zZc\}Zohj]!¢gZ}oy}ºzZ]\d+dlkdljY\[^]\d+zL¢c\=geÎt
jloy}Zd®s} D	
GZ»Zx
oygZn+zZ]\d+xZnlo={\]\ddgZd ]Tj1y»Zoy}§c\{\nr j+
	 
 1
K;}Z]zZ]\d{\nrxjloy}§{\oy[^xYTj]#zZg¦eh}Zehy]D	
G£]Tj+zZ]\d+z
c\nl]\}jdoyx
c\neqj]\gZnld+]\dlj+zZoy}Z}Zc\]#zeh}Zd
¢!®
CP]#¦eh}Zehy]ﬀ]\dj{\oy}Zdljnlg j;ehgjoygZn;zZ]#{\]#}ZokehgcT]\[^]\}j4eqnl]y»
 P{\oy[^xﬁoynrj]{\]\xﬁ]\}Zzeh}j;zZ]\d
oyx
c\neqj]\gZnld^zZc\nr c\d£xﬁoygZn]\dj4eh]fehg=i'oyg¨]\dyehnr¦eh]\d^xehn±]@i]\[^x]y»eq}ZdlX=gZ]zZ]\d[£eh{\nloqt
}ZdljnlgZ{Tjloy}Zdf®Zmuehnl[±P{\]\d%}Zoyg]T ]\dX}ZdljnlgZ{Tjloy}Zd»Zoy}¬nl]Tjnloyg]ﬀ}Zohj4eh[^[^]\}jf»]\}xgZdXzZ];!¢oyxﬁc\neÎt
j]\gZn K;MYKNPBR]Tj
=C>
P,@ BYUSﬀzZoy}j7}ZoygZd°e\oy}Zd°zZcEpl¤#xehnrcy»]+{\oy[^xj]\gZnﬁ+*H
#&%
ﬁ»zZoy}j7!¢]@i=j]\}Zdloy}
]\dlj+zZc\{\nr j]#xehn+]#xZnloC{\]\d4dgZd9H +

US*@;K
=5=
Hﬀ
%3)ﬂﬁ
ﬃ5HS7
	 IH
#%P
H A+

P
H
#&%
HSc+

=?>
PA@CBSU*
)
H - *7

J4B*K;UYK
P
H d)PAd REf
KNPSQ
!/#"P_
%$'&
ﬂ )( ﬁ$"#(+*HH
#&%

¯°]%xZnlo={\]\ddgZduegZ}dly}eqZzL¢]\}jnlc\] ]TjgZ}dly}eqZzZ]7d4oynrjl] H(®8eyeq]\gZnuzZg{\oy[^xj]\gZn]\dj H(»
]Tj+]\dljXzZcT}]{\oy[^[^]¦exZnlc\{\c\zZ]\}j]ﬀheq]\gZn
P
H±}Z{\nlc\[^]\}jc\]zL¢gZ}Z]gZ} jc#¤±{4Weh=gZ]oC{\{\gZnlnl]\}Z{\]
zZgJdy}eq,ﬁ®H9];dly}eq
P
H]\dlj7zZc\{T¦ehnlc;o={feq]\[^]\}jf»]Tj7]\dlj°zZcT}
]\}Ogjl  d4eh}j%!¢oyx
c\neqj]\gZn7nl]Tj4ehnlz
9-,@;Ld4gZnL] dly}eq*H®Îe+heq]\gZnP}jl¦eq]°]\dljPzZoy}Z}Zc\]°xehn9]7xehneh[^YTjnl] e0fZ® S}eq]\[^]\}jf»h{\]7xZnloC{\]\dd4gZd
{\oy[^xj]§]\dOoC{\{\gZnlnl]\}Z{\]\d¬zZ]§!¢cTc\}Z]\[^]\}j¥zL¢]\}jnlc\] +7¯°]\{T;]\dljJoyj]\}g ]\}dlk}Z{4WZnloy}d|eh}j¬¦e
xZnlc\d]\}Z{\]#zZgº{\oy[^xj]\gZn9Ädly}eq H5;@»(e\]\{]\doC{\gZnlnl]\}Z{\]\dzZ]L(®
.ﬃ/0.1/ . ^0
ﬀ
4
´	= 
5

O821
4 3
 
ﬁ3]Jxehnd4e¥[^o=zZg¦ehnr jcy»ugZ}xZnloyyneh[^[^]JDEF
G d]£xZn NTj]Äeh{T ]\[^]\}j£¤§gZ}Z]Onl]\xZnlc\d]\}j4eÎt
jloy}ynehxZWCgZ]3znl]\{Tj]]\}o={@twz¦ehyneh[^[^]y®(¯;¢]\dljXxﬁoygZnl=gZoh!»zZ][£eh}Y\nl]#¤ Äeh{T   j]\n7!¢c\{\nr jgZnl]
zL¢gZ}ªxZnloyyneh[^[^] 	
G»%gZ}Gc\z j]\gZn  _3]\dlj¬zd4xﬁoy}]zeh}Zd¬!¢]\}=nloy}Z}Z]\[^]\}j D	
G®
¯°]Tg tw{T9x
]\nl[^]Tj°¦e{\oy}ZdljnlgZ{Tjloy}¥d4oygZd Öoynl[^]3[± i=j]9Ä[^cT¦eh}Zy]]\}jnl]3j]@i=j]\d%]TjXynehxZWCgZ]\dﬃ; zZ]\d
xZnloyyneh[^[^]\d4	
G®K;}Z]nl]\xZnlc\d]\}j4eqjloy} ynehxZWCgZ]ﬀzZg§xZnloC{\]\d4dgZd9H]\dlj+zZoy}Z}Zc\]#xehn+¦e
ygZnl] 9w@;@®
9]\ddy}ehg=izL¢]\}jnlc\]£]Tj3zZ]±doynrjl]±doy}jdlk[ﬀ
oh dc\d3xehn3zZ]\d3xﬁoynrjdzZ]{\oy}Z}Z]@i=oy}jnr¦eh}Zyg=t
¦eqnl]\d%dl jgZc\d%dgZn7]\d7
oynlzZd%zZ]¦eﬁo8A¦j]3{\oynlxZd%zZ];xZnloC{\]\dd4gZdf®=¯°Weh=gZ]3ﬁo8A¦j]}j]\nl}Z]ehg{\oynlxZd%nl]@t
xZnlc\d]\}j]gZ}Z]+]@iZxZnl]\ddloy}OzZ]+xZnlo={\]\ddgZd x
oygyeh}j NTjnl]doh j doygZd ¸oynl[^]j]@i=jgZ]T ]y»Cdoh j {\oy}Zdljnlg j]
nlc\{\gZnldl ]\[^]\}jº¤¨xehnrjlnzL«ehgjnl]\d¥
o8A¦j]\df®/9]\ddly}ehg=iG}Zoy}ª[£ehd=gZc\d¬zZ] {4Weh{\gZ}Z] zZ]\ddoygZdlt
]@iZxZnl]\ddloy}Zd%doy}j%nl]\xZnlc\d]\}jc\dXxehn7zZ]\d%x
oynrjd7zZ];{\oy}Z}Z]@i=oy}L®ﬀ9]\d° ]\}Zd%]\}jnl];]\d%zNc\nl]\}jd%xﬁoynrjd
Nom du modèle Processus Liste des paramètres
Corps du processus
Signaux
d’entrées
Sous Processus
Liste des sorties
Déclaration des processus locaux
et des signaux locaux
!/#"


*!   $ﬁ$ﬁLﬁ4D	
G
	 ﬁ6Lﬁ ﬁ66@!3! 6H" 
}ZzCgZ]\}j¬]\dJoh]\dOzZ]{\oy[^[ﬀgZ}{feqjloy}ª]\}jnl]]\d¬z ]\nldOdoygZdltwxZnloC{\]\dd4gZd+zZ]\g=i x
oynrjdJnl]T c\d
]\}jnl]]\g=i¨xehnﬀgZ}Q[:N\[^]O ]\}¨nl]\xZnlc\d]\}j]\}j^]¬[:N\[^]Ody}eq!®S}eq]\[^]\}jf»gZ}¨zZc\{\oy[^x ¦eqj]\gZn
xﬁ]\nl[^]Tj¬zL¢]\}Zy]\}ZzZnl]\nOehgjoy[£eqjl=gZ]\[^]\}jgZ}xZnloyyneh[^[^]ºdoygZd ¸oynl[^]¥j]@ijgZ]T ]º]\}¹gZ]§zZ]¦e
{\oy[^x ¦eqjloy}L®
 ﬁﬀﬀﬂﬁ= ﬀﬃ_! O	1ﬀ#"$ Yﬁﬀ! %ﬁﬀ&'ﬃ)(+* 1ﬀ
D
O	 _»_Î8
]\dlj !¢oygjl 
zZ]{feq{\g ¸oynl[^]T
zZc\zc¤!«eh}eq kd]zZ]xZnloyyneh[^[^]4	
G®=¯°]Tj
oygjl jnefheq  ]±¤£xehnrjln;zZgºdlkdljY\[^]zk=}eh[±=gZ]ﬀx
oh k=}Zoy[±¦equnlc\dg j4eh}j;zZ]¦e^jnehzZgZ{Tjloy} zZ]#¦e
xehnrjl]J
oCohc\]\}Z}Z]£zZg xZnloyyneh[^[^]	
Z®F }j]\n Öeh{\]¬]\}jnl]B	
Gº]TjD
O7]\dljehddgZnlc\]
xehn¬gZ}GjnehzZgZ{Tj]\gZn\»%Cg¤¨xehnrjln¬zZg nlc\dg j4eqjzL¢gZ}ªxZnloyyneh[^[^]&D	
GQ]\}Zy]\}ZzZnl]]{\oCzZ]
,/.
0
,
c\=g heq]\}jf®
2
xehnrjln¬zZg dlkdljY\[^]zk=}eh[±=gZ]x
oh k}Zoy[±¦eq!» 3]\dljJx
oyddl]ºzL«eh}eq kd]\n
]¬{\oy[^x
oynrj]\[^]\}jJoyhCgZ]zZg¹xZnloyyneh[^[^] 	
 9Öc\nr {feqjloy}zZ]OxZnloyxZnrcTjc\dJdlj4eqjlCgZ]\d±oyg
xﬁoynrj4eh}jJdgZn±]\d±jneÎpl]\{Tjohnl]\dJzZg'dlkdljY\[^]7;@»eq}Zdl+=gZ]zZ]¥nlcfeq d]\n£z ]\nld]\d^oyx
c\neqjloy}ZdJdgZn]
dlk=djY\[^]:9Ädlk=}jWZY\d]#zZ]#{\oy}jnl¡h]\gZnldxehn]@i]\[^x]7;@®
.ﬃ/ \/0. , 6
´	Q8 Î´	
´
4
³
6

\´	 

4
´	 ﬀ
0

6
8 Î³
5

Q 	
G
K;}xZnloyyneh[^[^]J	
 xﬁ]\gjd]John{\oy[^[^]¬gZ}¨xZnloyyneh[^[^]WkZnrzZ]y»u[^cT¦eh}Zy]feh}j£zZ]\d
ehdxﬁ]\{Tjd+oyhCgZ]\d9Ä{feq{\gd+[^x Cgeh}jgZ}CgZ]\[^]\}jzZ]\dX
oCohc\]\}Zd]TjX]\dX{feq{\gd+zL¢WZoynroyy]\d$;@»]Tj
zZ]\dehdx
]\{Tjd#}gZ[^c\nr=gZ]\dM9Ä{feq{\gddgZnzZ]\ddly}ehg=i©]\}jl]\nld]Tjﬀnlc\]Td$;@® ﬁeh}Zd#]JZgjﬀzZ]£nlcfeq d]\n
zZ]\d+xZnl]\g]\ddgZn+{\]xZnloyyneh[^[^]y»(oygº]\}Z{\oynl]#zZ]¦e±dlk}jWZY\d]ﬀzZ]#{\oy}jnl¡h]\gZn\»( P]\dlj+}Zc\{\]\dd4eqnl]ﬀzZ]
df«ehZdljneqnl]ﬀzZ]¦e±xehnrjl]#}gZ[^c\nr=gZ]ﬀx
oygZn+}Z]ehnlzZ]\n+=gZ]¦e±xehnrjl]#
o=ohc\]\}Z}Z]#zZ]#{\]Tg tw{T!®
2
{\]¬} ]fehgL»xgZd]\gZnld£{4WZoh i'cTj4eq]\}j£x
oyddl]\d^=geh}j£¤ ¦e ¸oynl[£eq d|eqjloy}'zZ]¬{\]Tjlj]§ehZdlt
jneh{Tjloy}¥zZg¥xZnloyyneh[^[^]y®ﬂàLcTj4eq j+]\}¬] N]Tj+x
oyddl]3zZ];¦eﬀjnehzZgnl]ﬀdoygZd ¸oynl[^]3zL«ehgjoy[£eqj]\doyg
]\}Z{\oynl]¬zZ]Jnlc\d]fehg=i¨zZ]Om]Tjnr!®¯°]\x
]\}Zzeh}jf»] Äeq jzZ]OjnehzZgnl]¬zeh}Zdﬀ!¢gZ}QzZ]J{\]\dzZ]\g=i Öoynl[£eÎt
 d[^]\d]\}jne7AÇ}Z]+gZ}Z]Xxﬁ]\nrj]%zZ]°¦e3Wc\nehnl{4Wd|eqjloy}£CgZ]°!¢oy}±jnloyg]Xzeh}ZdgZ}^xZnloyyneh[^[^] D	
G®
ﬁ3]xgZd»(¦eO}eqjgZnl]±c\Cgeqjloy}Z}Z]T ]±zZ]3	
G¬}ZoygZdeh[^Y\}Z]±znl]\{Tj]\[^]\}jﬀ¤OgZ}Z]jnehzZgZ{Tjloy} zZ]
{\]Tg tw{TPdoygZd¸oynl[^]#zL¢gZ}ºdlk=djY\[^]zL¢c\Cgeqjloy}Zdf®
;oygZd#eq oy}Zdohnzeh}Zd#{\]Tjlj]^xehnrjl]^{\oy[^[^]\}jﬀ ]\dlj#x
oyddl]y»LehxZnlY\d#{\]\nrj4eq}Z]\d#dl[^x  {feÎt
jloy}Zdf»zZ]ﬀjnehzZgnl]#¦e^xehnrjl]ﬁo=ohc\]\}Z}Z]ﬀzL¢gZ}ºxZnloyyneh[^[^] D	
GJ]\}§gZ}ºdlkdljY\[^]zk}eh[±CgZ]
x
oh k=}Zoy[±¦eqPzeh}Zd ,/.60
,
» "   §]\d+]\}jl]\nld[^o=zZgoJ + a! Z* a®
^
±
42516

7
/
K}OzZ]\dXehdxﬁ]\{Tjd°[^x
oynrj4eh}j+zZ]¦eﬀxZnloyyneh[^[£eqjloy}º]\}D	
G]\dlj°¦eﬀWc\nehnEt
{4W]zL¢WZoynroyy]\d7]\}jnl]]\d7dly}ehg=iL® wﬁ{\oy}]\}eq j%zZoy}Z{y»oynld zZ]¦e3jnehzZgZ{Tjloy}¬zZ]+{\oy}Zd]\nr]\n {\]Tjlj]
}Zohjloy}zZ]3xZnlc\d]\}Z{\]7>hehZd]\}Z{\]zL¢gZ}dly}eqL{\oy[^xehneqjl ]\[^]\}j3¤ﬀgZ}¥ehgjnl]y®v}Zd!»C];xZnr}Z{Tx
];]\dj
zZ]£{\o=zZ]\n3]\djnlohd#yeq]\gZnld#x
oyddl]\d#zL¢gZ} dy}eq ﬁo=ohc\]\}©v 9 "	  *!
ﬃﬁ1 (*ﬂ ]Tj ! "¸»*!
ﬃﬁ1 (*ﬂ ]Tj
1
&
]Tj4$ﬁ  (*ﬂ9]\}§gZ}Z]3yehnr¦eh]zZ]3¦e^[£eh}Y\nl]#d4g heh}j]m+


!
$ﬁ1 (ﬂGYﬀﬁ4\ ﬂ ﬃ a

!
$ﬁ  (*ﬂ! "#%$ ﬂ 8a
&('*),+-
G ﬂ Z
moygZn3]\d3dly}ehg=i}Zoy}=tw
oCohc\]\}ZdzZoy}j;¦eOyeq]\gZn}Z]±x
]\gj;xehd NTjnl]±nl]\xZnlc\d]\}jc\]y»Ld]\g]!«eh=t
d]\}Z{\]#]TjX¦e±xZnlc\d4]\}Z{\]ﬀdoy}j+{\oCzZc\]\d+/.

!
$ﬁ  (*ﬂ0ﬂ 1Ma
&2'*)+3-
G ﬂ Z
muehn{\]7{\o=zehy]y»hgZ}±cTc\}Z]\[^]\}j dgZn
-
dly}ehg=i]\dljnl]\xZnlc\d]\}jcXxehngZ}]\{Tj]\gZnzeh}Zd >D,/.60
,
C

®
ﬁ3]ﬀxgZdf»ﬁ¦e£xZnlc\d4]\}Z{\]zL¢gZ} dly}eq]\dlj{\o=zZc\]xehn¦e^yeq]\gZn_®ﬁmuehn{\oy}Zd4c\CgZ]\}j3gZ}dly}eq54]\dj
dlk}Z{4WZnloy}Z]ﬀef]\{ﬀgZ}¥dly}eq76Odl9]Tj+d]\g]\[^]\}jdlL dd4eqjld Öoy}j+!¢c\=geqjloy}8


'

®
^
C(8 Î³L¶f 8 
4

4
´
4
à
/
¯°Weh=gZ]£oyxﬁc\neqj]\gZnﬀcTc\[^]\}j4eqnl]JzZg }ZokehgRDEF
G¥]\dljﬀeq}Zd
{\o=zZc;d4oygZd ¸oynl[^]3c\=geqjloy}Z}Z]T ]y®mehnX]@iZ]\[^x];H
#&%
4KJ5BOKNP96
»dly} (eh}j;: " 
'
ba ﬂ ﬀ (!<99
*= ﬁ1><  Z@?h»]\djnlc\c\{\nr jA<IB>C
'

'

C@®P]¬nl]Tj4ehnlz]c»=g7]\dlj!¢oyx
c\neqj]\gZn^zk=}eh[±=gZ]y»]\dj
zNc\nl]\}jf»q{fehn9 Cnl]\=g]\nrj¦e+[^c\[^oynrd4eqjloy}zZ]¦ezZ]\nl}Y\nl] yeq]\gZnPzeh}ZdgZ}Z]yehnr¦eh]7zL¢cTj4eqjf®Îv}Zd
x
oygZnX{\oCzZ]\nD4
#%
60c+6d)PAd R94*fZ» 9]\dlj+}Zc\{\]\dd4eqnl]#zL }jnloCzZgnl]ﬀ]\dXjnlohdc\=geqjloy}Zdd4g heh}j]\d)+


$FE 
'
ﬃ > aD
'

CG$ > a$C
  $
'

>	H C
$%I  I >	J C
¢c\=geqjloy}B9r_8;xﬁ]\nl[^]TjzZ]%{feq{\g]\nu¦e}Zoyg]T ]%yeq]\gZn5$FE=zZ]7¦eyehnr¦eh]%zL¢cTj4eqjf®yC
'
]\dlj*!
ﬃﬁ1 (*ﬂÄ»
$
E
]\dlj7c\eqL¤
'
9Äxehnl{\]\CgZ] > aK
'

C ZH;ﬃ?=dl}Zoy}L$
E
]\dlj%c\eqN¤#¦eﬀzZ]\nl}Y\nl];yeq]\gZn7zZ]
'
»[^c\[^oynrdc
Cy}ehg=i§ﬁo=ohc\]\}Zd
6 +  PNR94
'
  
H +  4
R
P*Q/6
<  
'
> 
'
 "
'
6a$C



'

H +  4E;U/6
<  
'
> aD "
'
 
'
C



'

H +  4QSK
'SR
V0TNR96 <   ﬃ > aD 

C
'
H +  4(J4B*KQP 6 <  >C
'

'

C
6 +  4Ec+ 	 d)PAd R
'
I
$FE  (ﬃ > a  

CG$
'
 

$
$%I   I
Cy}ehg=i§}Zoy}§
o=ohc\]\}Zd
6 +  
m>
&
 ﬂﬁﬂﬁﬂﬁC
&
 C
'

 


S 


H +  4QSK
'SR
V0TNR96 <

 

ﬃ
'

 

'

H +  4(J4B*KQP 6 <

 

>C
'

'

C
6 +  4Ec+ 	 d)PAd R
'
I
'

 

/
 "9_

	
!  *% 1ﬂD"D ( *L$ﬁ ﬃ 
ﬃ! @ﬂ  5!$ﬁ *H> ﬁ 	
G
xehn $®G¢c\=geqjloy} 9w@;#zZoy}Z}Z]¥¤  ¦eºzZ]\nl}Y\nl]¬yeq]\gZnzZ]
'
9 "    ¢¦eºheq]\gZnzZ]L$ ;]Tj±{\oy}jneq}j
!¢WZoynroyy]ﬀzZ] O¤NTjnl]ﬀc\eq]#¤±{\]T ]#zZ]
'
®=s }§] 
]Tjf»Zoy}§e>

/$

'
»Z]Tj+zeh}Zd , .
0
,
}ZoygZde\oy}Zd
'

'
»F"	  
'

'

»({\]\{TzZoy}Z}Z]ﬀzZoy}Z{ 

 $

'

?
¯°oy[^[^]zZ]xgZd $

 a)9Ä{fehn $ ]\dlj+joygqploygZnld
xZnlc\d]\}j$;@»]TjX}eq]\[^]\}j 


'

®  ¢c\Cgeqjloy}9!O;7{\oynlnl]\dx
oy}Zz§¤¦eheq]\gZn%} jl¦eq]ﬀzZ] $»ZCgL]\dlj
¦e±heq]\gZn+} jl¦eq]#zZ]
®
¯°]\nrj4eq}Zd+oyx
c\neqj]\gZnld+x
]\g]\}j NTjnl]#{\o=zZc\dXzZ]zZ]\g=i ÖeQ\oy}Zd+d4g heh}jX]3jwkxﬁ]zZ]\dXdly}ehg=iL® Pe
j4eh]#dg yeh}j]ﬀzZoy}Z}Z]#]{\oCzehy]#d4oygZd ¸oynl[^]zL¢c\=geqjloy}Zd;zZ]\d+xZnloC{\]\d4dgZd+cTc\[^]\}j4eqnl]\d®
^
,8 Î³L¶f
/
s}±{\oy[^x
oyd4eh}j]\duzNc\nl]\}j]\dc\=geqjloy}Zdnlc\dg j4eh}j]\d zZ]\dzNc\nl]\}jd xZnloC{\]\drt
dgZdcTc\[^]\}j4eqnl]\df»(joygj;xZnloyyneh[^[^] D	
G x
]\gj NTjnl]#jnehzZg j;]\}ºgZ}§]\}Zd]\[]zL¢c\=geqjloy}Zdf»
ehxZxﬁ]Tc#dk=dljY\[^]zk}eh[±=gZ]#xﬁoh k}Zoy[±¦eq!®
s}§gjl  d|eh}j3{\]ﬀ{\o=zehy]y»(gZ}§xZnlo={\]\ddgZd]\dljzZoy}Z{#jnehzZg j3]\}§gZ}dlk=djY\[^]#zL¢c\Cgeqjloy}Zd;zZ]¦e
¸oynl[^]m+



>   C  Z
 E  9> JC

I
> C  Z
¯°]#dlkdljY\[^]]\dlj+{\oy}Zdljl jgZc

zL¢gZ}§]\}Zd4]\[ﬀ]#zZ]
-
yehnr¦eh]\d     ﬂﬁﬂﬁﬂﬁC F»(ehxZx
]Tc\]\d8!ﬃ"#*= $ﬁ * 
6ﬂ @ﬂﬁﬃ?

zL¢gZ}§]\}Zd4]\[ﬀ]#zZ] yehnr¦eh]\d  CﬂﬂﬁﬂﬁﬂﬁC »ehxZx
]Tc\]\d8!ﬃ"#*= $ﬁ * 
 
 (  3 (*ﬂﬁﬃ?

zL¢gZ}#]\}Zd4]\[ﬀ]zZ]   (*ﬂD! " (ﬂ $ﬁ

> JC Z ®	à]\dlj9nl]\xZnlc\d]\}jc xehn9gZ}3]\{Tj]\gZn


ﬂﬁﬂﬁﬂﬁC


»
nl]\ynloygZxeh}j+joygj]\d%]\d%c\Cgeqjloy}ZdX{fehneh{Tjc\nrd4eh}j+!«ehdx
]\{TjXdlj4eqjlCgZ];zZgdlkdljY\[^]9Ö}yehnr¦eh}j
x
oygZn%joygj+]\dX}Zdlj4eh}jd G ;ﬃ?
zL¢gZ}Z]#6(  1ﬂD"D ( * 
 8= ﬀﬂD"D (9>   CXzZ]J> 

C
 
zeh}Zd > 

C

?

zL¢gZ}ª]\}Zd]\[]zZ]
-
c\Cgeqjloy}Zd 

I	ﬂﬂﬁﬂﬁﬂﬁ?

I
  »°ehxZx
]Tc\]\d   (*ﬂD! "4(*ﬂ $ﬁ * "4("DﬂD"Dﬁ= " ﬁ6@ﬂD"#(
}Zohjc\]\d

I;> C_Z^]Tj{fehneh{Tjc\nrd4eh}j! } jl¦eq d4eqjloy}zZ]\dXyehnr¦eh]\dzL¢cTj4eqjdzZgºdlk=djY\[^]y®
9]\d  xZnloC]\}Z}Z]\}j°zZ]%¦e3jnehzZgZ{Tjloy}JzZ]\d dly}ehg=i^nl]Tj4ehnlzZc\df»y]\d  nl]\xZnlc\d]\}j]\}j°]\ddly}ehg=i

oCohc\]\}Zd]Tj;]\dWZoynroyy]\d#zZgxZnloyyneh[^[^]y®P¯°oy}ZdlzZc\nloy}Zdf»Lxehn3]@iZ]\[^x]±]xZnloyyneh[^[^]+D	
G

US0@NK
=5=
R
TNROK;U P
%3)ﬂﬁ
K;MYKNPBR94 -C6ﬃ&7
	 IH
#&%
P0NR
P
H

P
H
#%
H5c<+

=C>
PA@ BYUS
)
4 -&J4B*KQPEH57

=C>
PA@ BYUS
)
6 -&J4B*KQP
P
HS7
 
J5BOK;UYK
T4d5@
R
T(H -
P
H d)PAd R
'SR
T
=
K
KNPSQ
!/#"



!   $ﬁ$ﬁLﬁ    (*ﬂD! @" ﬀ( (*ﬂ#*H 
&
 (*ﬂD!
 $ﬁ6ﬂD! Cﬁ= ﬂ 6! ( 
 $ﬁ
zZc\{\nr jxehnX¦eygZnl]39r_® =® _8; +
9]Jdlk=djY\[^]zk}eh[±=gZ]£nlc\dg j4eh}jzZ]±¦e¬jnehzZgZ{Tjloy}zZ]^{\]^xZnloyyneh[^[^]O{\oy[^xZnl]\}Zz ]\dyeÎt
nr¦eh]\d ﬁ»
'
»7<£]Tj<h»{\oynlnl]\dxﬁoy}Zzeh}jnl]\d4xﬁ]\{Tjl ]\[^]\}j^ehg=icTc\}Z]\[^]\}jd±v»F< ]Tjehg=idly}ehg=i

oCohc\]\}Zd+¯ ]TjL¯;»]Tj%gZ}Z]yehnr¦eh]3zL¢cTj4eqj $»C}jnlo=zZg j];xehn°];nl]Tj4ehnlzL®ﬀ9]3dlk=djY\[^]oyj]\}Cg¬]\dj
]dg yeh}j+

gZ}Z]ﬀc\Cgeqjloy}§zL } jl¦eq d|eqjloy} +F$   ay»

gZ}Z]ﬀc\Cgeqjloy}§zL¢cTohgjloy} +F$FE<9< ﬃ > aD <

C $

gZ}ºdlk=djY\[^]zL¢c\Cgeqjloy}ZdzZ]#{\oy}jneq}j]\d
<9 <?< /$ <



  <  <


'

 < <

s}xehnrj4eh}jﬀzL¢gZ}xZnloyyneh[^[^]+D	
G»ﬁ zZoy}Z{±x
oyddl]±zL¢]\}]@i=jneqnl]±¦e¬xehnrjl]±{\oy}jnl¡h]y®
«ehZdljneh{Tjloy}Ooyj]\}gZ]]\dlj eqoynldgZ}£dlkdljY\[^]%zk}eh[±CgZ]+x
oh k}Zoy[±¦eq(zeh}Zd ,/.10
,
®ys }£gjl  d4eh}j
zZ]\doyx
c\neqjloy}Zdﬀeqyc\ZnrCgZ]\d»N u]\djeqoynldx
oyddl]±zZ]±neqdoy}Z}Z]\ndgZn;]±dlkdljY\[^]^¤¬cTc\}Z]\[^]\}jd
zd{\nl]Tjd+oyj]\}CgL®
.ﬃ/ \ﬁ/]\ ^

 8  =ﬁﬀ  ﬀ ?8 q³
5
 
¹ CD	
G
vheh}jzL }jnlo=zZgnl]X¦e;}Zohjloy}^zZ]XdlkdljY\[^]%zk=}eh[±=gZ]Xxﬁoh k}Zoy[±¦eqF9w ﬁ3m ;{\oy}jnl¡h¦eh]]TjzZ]
dlk}jWZY\d]zZ]+{\oy}jnl¡h]\gZn°dgZnzZ]\d° ﬁ3m» }ZoygZd7]\dlj }Zc\{\]\dd4eqnl]zL }jnlo=zZgnl]]%jàk=x
]+zZ]+xZnloyxZnrcTjc\d
dgZnP]\dCgZ]Td]\doy=pr]\{TjlÖdzZ]7dlk}jWZY\d4] oy}jdf«ehxZxZgk]\n\®h;oygZdefoy}Zdu{4WZohdlZzZ] nl]\xZnlc\d4]\}j]\nu{TCzZ]\d
jwkx
]\dﬀyc\}Zc\nr=gZ]\dzZ]OxZnloyxZnrcTjc\djnehz jloy}Z]T ]\[^]\}j£gjl  dc\]\dzeh}Zdﬀ]J[^oy}ZzZ]J}ZzZgZdljnr]T!»x
oygZn
=gL!«ehdxﬁ]\{TjdgZnl]TjczZ] Öoy}jloy}Z}Z]\[^]\}j3]\dlj+xZnr[^oynlz¦eq!®
  Î³18 
4
´f ﬀ  ﬀ
4
ﬀ 
Z¶
4
´f
/ 
}§z j+=gL¢gZ}§dlkdljY\[^]#]\dljX= heh}jdl9]Tjd4]\g]\[^]\}jdL P}L¢]\dljxehd
pleh[£eqdu]\}  wzZ]fehz=t!oC{®K;}cTj4eqjid]\negZ}cTj4eqj[^oynrjuoygo=Cgeh}jdf  C}L¢]@idlj]°xehdzL¢cTc\}Z]\[^]\}j
ehzZ[±ddl]+zeh}Zdu!¢cTj4eqjui®@K}Z]°jneÎpl]\{Tjohnl]+{\oy[^xﬁoynrj4eh}j gZ}^cTj4eqj[^oynrj]\dlj}Zc\{\]\dd4eqnl]\[^]\}j }]y®
K}^dlkdljY\[^]%= heh{\]%[^x =gZ]+=gZ]%joygj]\d]\djneÎpl]\{Tjohnl]\d zZ]X{\]Tg tw{Tﬁdoy}j}}]\d®s}±j]\nl[^]+zZ]
dlk=djY\[^]\d7zk}eh[±CgZ]\d°x
oh k=}Zoy[±¦ehg=iL»{\]Tjlj];zZcT} jloy}Ox
]\gj7d4]zZc\{\nrnl];zZ]+¦e#[£eh}Y\nl];dg yeh}j];+
 F
6_4
´
4
³
6 .
( ﬁﬁ6ﬂ	 3 $ﬁ6ﬂ " 8  $
 ﬁ$")1ﬂ:ﬁ1=  3 (*ﬂ ﬁ$" 55!ﬂ Lﬁ = $ﬁ    7%= $ﬁ
&

Rﬂ


&





&

)$ﬁ6ﬂ ( 
1ﬂ @ﬂ 5"  *  1ﬂ  (   !  *H$ﬁ4ﬂD! ( ﬁ$"DﬂD"#( ﬁ *" ﬁ$ﬁ$"*= $ﬁ3 
  Î³18 
4
´f ﬀ  f¶C 
4
´f E} ¸oynl[^]T ]\[^]\}jf»¢gZ}Z]ºxZnloyxZnrcTjc¥zZ]¥dc\{\gZnr jc¥zZc\{\nr j^] Äeq j^CgZ]zZ]
?T[£ehgheqd]\d{4WZoyd4]\d ?^}Z]£x
]\g]\}jxehdﬀd]^xZnlo=zZgnl]y® ﬁeh}Zdﬀ}Zohjnl]O{fehdf»9{\]Tjlj]£d4oynrj]£zZ]£xZnloyxZnrcTjc
{\oyg=nl]¦e#{T¦ehdd]zZ]\d xZnloyxZnrcTjc\df»CzZc\{\nr heh}j°gZ}O]\}Zd]\[ﬀ]zZ]
oy}Zd cTj4eqjdf»=gﬁnl]\dj]\}j }hehnr¦eh}jdf®
Pe^zZcT} jloy}ºd4g heh}j]#nehxZxﬁ]T ]#¦e^zZcT} jloy}§zL¢gZ}§]\}Zd]\[]ﬀzL¢cTj4eqjd}yehnr¦eh}jf®
 F
6_4
´
4
³
6\
(  ( ﬁ   *=  * 
6ﬂ @ﬂﬁ
$
$ﬁ6ﬂ *O(  -"4(@8!ﬃ"D (*ﬂK " ﬁ A7" ﬁ * (Bﬁﬁﬃﬂ	 3 *ﬀ( "
5ﬁ=ﬀ( "Dﬁ=
Gﬁﬃ"	6ﬂEﬁ   =  3 (ﬂ	ﬁ$"*55!  5 "
6ﬂ Oﬂ
&
*H
$
1ﬂ 55! ﬂ ﬀﬂ 
 
)(  3 (*ﬂﬀ  * C" ﬁ ﬁﬃ"	3= 
*O( ﬁ"=  
1ﬂ @ﬂ
&

 =  
6ﬂ @ﬂ
&
 


&

 ﬃO5@!ﬃﬂD"  (*ﬂ 
$
 
¯°]Tjlj]7}Zohjloy}]\dljP  gZdljnlc\]7xehn9¦e%ygZnl] 9Ä 9!eO; ;@®7K;}Z] }Zohjloy}xgZdd4oygZx] zL }yehnr¦eh}Z{\]°]\dljzZoy}Z}Zc\]
xehnX¦e^zZcT} jloy}§dg yeh}j]m+
 F
6_4
´
4
³
6 .ﬁ
(  (ﬁ1  *=  * 
1ﬂ @ﬂﬁ
$
ﬃﬁﬃﬂ"4(@8@!$"#(*ﬂﬁ6Lﬁﬂ'  (*ﬂD!ﬃﬁ=   " ﬁ   " ﬁ * ( ﬁﬁﬃﬂ	 3
* ("   5ﬁ=ﬀ( "Dﬁ=
Eﬁ$" 6ﬂ	ﬁ1=  3 (*ﬂ	ﬁﬃ"*ﬀL!   ﬀ  
1ﬂ @ﬂ
&
*H
$
" = 
&
" ﬁ6ﬂ  ( 
 
)(  3 (*ﬂ!
 *" ﬁ$ﬁ$"*=  *H( ﬁ=  
6ﬂ @ﬂ
&

 ﬂ *=   =  
1ﬂ @ﬂ
&
 


&

3ﬃO5!6ﬂD"  (*ﬂ 
$
 
à} Öoynl[^]T ]\[^]\}jf»ugZ}]\}Zd4]\[ﬀ]JzL¢cTj4eqjd]\dljﬀz j}yehnr¦eh}j±doygZdrtw{\oy}jnl¡h]Ox
oygZnﬀgZ}¨dlk=djY\[^]£zkt
}eh[±CgZ]#" dl%]Tj^d]\g]\[^]\}jOdl7 X]\dlj^x
oyddl]¬zZ]¬]
 wx ohj]\n ]\}¹nlcfeq d4eh}j£gZ}¹{|WZoh i¹dgZn]\d
cTc\}Z]\[^]\}jdf»=zZ][£eh}Y\nl];¤nl]\dlj]\n zeh}Zd !¢]\}Zd]\[ﬀ];zZ]\d' w
oy}ZdcTj4eqjd ®¯°]Tjlj]}Zohjloy}O]\dlj  gZdljnlc\]
xehnX¦e±ygZnl] 9Ä 9Ä*; ;@®
ﬁ±«ehgjnl]\d#{T¦ehdd]\dﬀzZ]£xZnloyxZnrcTjc\dﬀx
]\g]\}jﬀd4]^zZc\zZgnl]O¤xehnrjln#zZ]\d#xZnloyxZnrcTjc\dzL }yehnr¦eh}Z{\]
]TjzL }yehnr¦eh}Z{\]ﬀdoygZd{\oy}jnl¡h]y®
  Î³18 
4
´f ﬀ
0

´\´	
425 6



4
·
4
´f 9Ä{ ygZnl] 9Ä 9Ä{7; ; ;
 F
6_4
´
4
³
6$%
(Bﬁ6Lﬁﬂ  ( ﬁ   *= &* 
6ﬂ @ﬂﬁ4$ﬁﬃﬂ      $ﬁ$ﬁ$"*=  55!(ﬁﬁﬃﬂ	 3 *ﬀ( "
	ﬁ$" 6ﬂ
ﬁ1  =  )(*ﬂ-ﬁﬃ"  5 ;
6ﬂ @ﬂ
&
*H'& ﬀ5ﬂ 6ﬂD!  @ﬂ#ﬂ 6" (*ﬂ B5!6ﬂD" ! *Hﬃﬁ 
1ﬂ @ﬂﬁM"4("DﬂD"D 
&
* Rﬁﬁﬃﬂ	 3
* ("     (ﬁ$" *
ﬃ!
' " 
 " =G
&
" ﬁ6ﬂ  ( ﬂD! )(   1ﬂ "!  5!6ﬂ (*ﬂ#*H$ﬁ 
6ﬂ @ﬂﬁ"4("DﬂD"D
&
L"/@ﬂ#ﬂ ﬃ"4(*ﬂ
&
ﬁ 
  Î³18 
4
´f ﬀ
0

´\´	
Z¶y´
4
ﬀ
4
´f 9Ä{ ygZnl] 9Ä 9Äz*; ; ;
 F
6_4
´
4
³
6+*
(  (ﬁ1  *=  * 
6ﬂ @ﬂﬁ,& $ﬁﬃﬂ@ﬂ#ﬂD!   1ﬂD"   " ﬁ   " ﬁ * ( 5ﬂD!   ( ﬁ   *=  * 
6ﬂ @ﬂﬁ
$

 ﬁﬃ"=6ﬂ=ﬁ1  =  )(*ﬂ ﬁ$"-
  5   ﬂD! )(   1ﬂ @" !  *&ﬁﬁﬃﬂ	 33"4("ﬂD"#ﬁ= " ﬁ
  *O( ﬁ ( 
6ﬂ @ﬂ *H
$
@ﬂ#ﬂ 6" (*ﬂ
=   ( ﬁ   *= .&  
